The association of Epstein-Barr virus with pulmonary neoplasms has been restricted to lymphoepithelioma-like carcinomas in Asian patients. We have selected 19 pulmonary adenocarcinomas and squamous-cell carcinomas from 1545 pulmonary neoplasms diagnosed from 1996 to 2007 in an occidental population. All of them showed a low-power appearance confusing between an epithelial and a lymphoid neoplasm, with a dense lymphocytic infiltrate intermingled with neoplastic cells giving an image akin to lymphoepithelial complexes. Five carcinomas presented typical features of Lymphoepithelioma-like lung carcinomas; but six cases could be classified as squamous-cell carcinomas and eight as adenocarcinomas. A semiquantitative polymerase chain reaction method, Early RNA genes 1 and 2 in situ hybridization as well as Latent membrane protein immunostaining for Epstein-Barr virus DNA, RNA and protein detection methods were used in every case. None of Lymphoepithelioma-like carcinomas showed positivity for Epstein-Barr virus in any used method. Otherwise four squamous-cell carcinomas and eight adenocarcinomas (12 cases) demonstrated viral sequences in polymerase chain reaction and/or in situ hybridization analysis in neoplastic cells. Moreover two adenocarcinomas also displayed human herpesvirus 6 DNA sequences coamplification in molecular analysis. Protein immunostaining was focally positive in only three cases. We performed the same analysis in 70 more cases of conventional pulmonary squamous-cell carcinomas and adenocarcinomas that gave negative results. In conclusion, a subset of pulmonary squamous-cell carcinomas and adenocarcinomas show Epstein-Barr DNA and/or RNA sequences in neoplastic cells. This finding expands the spectra of epithelial cell common tumours Epstein-Barr virus associated.
Lung cancer is one of the most usual human solid tumours with known aetiology. In fact, 85-90% of the cases are associated with cigarette smoking. There are, however, some environmental agents, such as exposures to radon 1 silica or asbestos that have also been implicated in its development. 2 Among the environmental carcinogenetic agents, some viruses have been closely linked with many human cancers. The Epstein-Barr virus (EBV) was the first to be accepted as a human tumour virus associated with Burkitt's lymphoma, 3 and since then, EBV has been correlated with other specific malignancies as Hodgkin's disease, B-cell lymphomas in immunosuppressed individuals and a variety of undifferentiated carcinomas (the so-called lymphoepitheliomas), especially those occurring in the nasopharynx and foregut-derived organs. 4 In the case of the lung, the last WHO classification of pulmonary neoplasms has classified lymphoepithelioma-like carcinoma as a large-cell carcinoma variant. It is defined as an undifferentiated carcinoma that shows a typical syncytial growth pattern of undifferentiated neoplastic epithelial cells, with vesicular nuclei and prominent nucleoli, similar to the nasopharynx counterpart. 5 Primary lymphoepithelioma-like carcinoma of the lung is very rare and most of reports come from Chinese or Taiwanese patients, [6] [7] [8] and to date the association of EBV with these kind of lung carcinomas is restricted to Asian patients 9, 10 (Table 1) .
On the other hand, the presence of EBV DNA has been described occasionally in pulmonary carcinomas other than lymphoepithelioma-like in Asian patients, 11, 17, 16 and in two Caucasian patients. 18, 19 In consequence, it seems that EBV-associated lung carcinomas different to the typical lymphoepithelioma-like type could exist. 17, 16 Our aim is to describe a series of pulmonary adenocarcinomas and squamous-cell carcinomas found in a 12-year period, characterized by a dense lymphoid stroma in an occidental population, and to demonstrate the presence of EBV in this kind of carcinomas.
Materials and methods
All the pulmonary carcinomas not classified as small-cell carcinomas, surgically removed and diagnosed in the Pathology Department of the University Hospital Marques de Valdecilla from 1996 to December 2007, were reviewed by two independent pathologists (JJGR and JFVB). From 1545 cases, we selected 19 cases that showed a prominent lymphoid stroma, with indistinct limits between neoplastic groups and tumoral stroma. Characteristically the low-power appearance was confusing between an epithelial and a lymphoid neoplasm. We reviewed the clinical charts in every case to check clinicopathologic stage, serology for EBV, if available, and survival data.
A total of 70 cases of otherwise conventional pulmonary squamous-cell carcinomas and adenocarcinomas were selected from our surgical pathology files. All paraffin-embedded donor tissue blocks were sampled with 0.6-mm punchers using a Beecher tissue microarray instrument (Beecher Instruments Inc. Sun Prairie, WI, USA). Paraffin tissue array blocks containing arrayed core cylinders from those 70 cases were subjected to routine hematoxylin and eosin staining, in situ hybridization (ISH) and LMP1 immunostaining.
At the same time, we selected 20 cases of squamous and adenocarcinomas that were subjected to molecular analysis for viral sequences by PCR methods.
Molecular Analysis for Viral Sequences
In the 19 carcinomas of the series and 20 otherwise conventional carcinomas, we selected neoplastic cells by manual microdissection from the corresponding paraffin blocks. A PCR-ELISA technique for human herpesvirus family detection was performed (Herplex t Genomica, SAU, Madrid, Spain) according to manufacturer's instructions. 20 Briefly, we extracted DNA from the microdissected 5-mm sections from paraffin blocks, and a PCR-ELISA procedure was performed. The PCR mix contained primers against a 194 bp sequence of DNA viral polymerase from herpes simplex types 1 and 2, varicella zoster, cytomegalovirus, EBV and human herpesvirus 6. The nucleotides present in the mix were previously labelled with digoxigenin. The PCR product was transferred to a microtiter plate where the probes against the corresponding virus were fixed previously. An antidigoxigenin antibody was added after several washes. A microtiter reader with a 405 nm light source was used to measure absorbance. Absorbance values higher than 0.450 were considered as positive. Negative and positive controls were used in every case to discharge the contamination feasibility and the specificity of the PCR reaction (data not shown). An internal control (DNA human polymerase gene) was included to assure the integrity of the sample and the amplification process.
In Situ Hybridization for EBER1 and EBER2
We used a chromogenic in situ hybridization technique (EBER Histosonda, VitroSP, Madrid, Spain) according to manufacturer's instructions. Briefly, after deparaffination, xialinized slides were immersed in H2O2 to inhibit endogenous peroxidase activity. A 30 mg/ml proteinase K digestion for 10 min at room temperature was performed. Onehour incubation with EBER probe at 621C was performed in a humid chamber. This kind of probe consists of a fragment of single stranded 526 base long DNA marked with digoxigenin complementary to EBER1 and EBER2. Posthybridization washes with PBS, antidigoxigenin antibody and a secondary antibody at room temperature with diaminobenzidine and Harris hematoxilin counterstaining were all applied. Negative and positive controls were used in every case to discharge the possibility of non-specific staining (data not shown).
Immunohistochemistry
Immunohistochemical staining for LMP1 (Monoclonal; dilution 1:500; Dako, Glostrup, Denmark) was performed using formalin-fixed and paraffinembedded tissue sections with heat-induced epitope retrieval. Antigen retrieval was done by boiling sections for 90 s in 10 mM sodium citrate buffer, pH ¼ 6.0, using a pressure cooker. The EnVision þ method (Dako) was used in a Techmate 550 automated immunostainer (Biotek, Santa Barbara, CA, USA). Diaminobenzidine (Dako) was used as a chromogen. The slides were counterstained with Mayer's hematoxylin (Merck, Darmstadt, Germany) and dehydrated.
Results
We examined 1545 pulmonary carcinomas and found 19 cases that showed a prominent inflammatory lymphoid stroma giving the neoplasm a lowpower appearance of a lymphocytic proliferation (Figure 1 ). The limits between carcinoma cells and tumoral interspersed stroma were imprecise. Characteristically the low-power appearance was confusing between an epithelial and a lymphoid neoplasm with lymphocytes infiltrating solid carcinomatous islands giving a similar image to lymphoepithelial complexes. The clinicopathologic properties of the 19 patients are presented in Table 2 . The mean age of presentation was 64.6 with a median of 67. All but one patient were males. Of the 19 cases, 13 (68%) were diagnosed in early clinicopathologic stages (UICC I and II). We could only find serology results in two cases, one adenocarcinoma and one lymphoepithelioma like that were both IgG-positive. Five cases showed a typical syncytial growth pattern of undifferentiated neoplastic epithelial cells, with vesicular nuclei and prominent nucleoli without any tubuloglandular or squamous differentiation (Figure 1b) . Six carcinomas demonstrated at least focally intercellular bridges and keratinization ( Figure 1c ) and the other eight displayed a tubuloglandular pattern (Figure 1d ) with mucin production.
Ten cases (four squamous-cell carcinomas and six adenocarcinomas) showed EBV DNA sequences in the PCR-ELISA analysis (Figure 2 ). The same 10 carcinomas were also EBER1 and EBER2 positive by ISH analysis (Figure 3) . Only 3 out of these 10 ISHpositive neoplasms were immunoreactive for LMP1 in scattered cells (Figure 4 ). All the PCR and/or EBER negative cases were also LMP1 negative. The EBER ISH analysis was also positive in scattered lymphoid cells intermingled with neoplastic foci.
Two adenocarcinomas that gave negative results in PCR-ELISA analysis displayed a discrete reactivity for EBER. These two cases did not reacted with LMP1. Thus, total number of carcinomas that showed at least one positive technique for EBV detection were 12, and all of them belonged to adenocarcinoma or squamous-cell carcinoma categories. None of the lymphoepithelioma-like carcinomas demonstrated positivity for any of the EBV detection methods.
There were no differences neither in epidemiologic nor in staging data between PCR-positive andnegative cases. (Table 2) .
Otherwise, none of the 70 squamous-cell carcinomas and adenocarcinomas that we analysed by ISH and immunohistochemistry gave positive results. The PCR of the 20 selected cases from surgical files were also negative.
It is also noteworthy that in multiplex molecular PCR analysis two adenocarcinomas also showed positivity for human herpesvirus 6. None of the rest of the herpesviruses analysed were positive (data not shown).
One adenocarcinoma displayed intratumoral amyloid deposition with positive Congo red staining as well as immunohistochemical reactivity for P substance. AA amyloid as well as prealbumin and microglobulin were negative in immunohistochemical analysis.
The rest of lung parenchyma analysed showed a diffuse lymphoid hyperplasia in two cases, atypical adenomatous hyperplasia in other and one case of silica-associated pneumoconiosis. In three patients a smoker's respiratory bronchiolitis pattern was evident.
Discussion
EBV is a very common human DNA virus; in fact, more than 90% of individuals worldwide have been infected by the time they reach adulthood. 21 EBV is considered as a member of the gamma-herpesvirus subfamily, because of its tropism for lymphoid cells, although it can also infect epithelial cells of the oropharynx, as well as other kind of cells.
22
EBV was the first human virus to be accepted as tumour associated since in 1964, Epstein and Barr described virus particles of the herpesvirus family in lymphoblastoid cells from patients with Burkitt's lymphoma. 3 Several other neoplasms have also been associated with EBV as well as Hodgkin's disease, B-cell lymphomas in immunosuppressed individuals and a variety of undifferentiated carcinomas (the so-called lymphoepitheliomas). In the case of nasopharyngeal lymphoepitheliomas, it has been directly implicated in their pathogenesis, because EBV DNA is found in the epithelial cells of nearly all cases, EBV is transcriptionally active, and the viral episomes have demonstrated to be clonal in Southern blot analysis. 23 Despite this body of evidence, the pathogenetic role of EBV in nasopharyngeal carcinomas is difficult to understand because most of otherwise healthy individuals have been infected by EBV, although the risk of developing such type of neoplasm is very low. That is the reason that some other reports have speculated about EBV presence as coincidental, due to the high prevalence of EBV infections in the general population. 10 However, it must be stressed that virus particles should be detected mostly in passenger lymphoid cells in normal population and not in epithelial cells.
A variety of lymphoepithelioma-like carcinomas have been described in several other organs, with the same characteristics than the nasopharyngeal counterpart. Primary lymphoepithelioma-like carcinoma of the lung was described in 1987 14 as an EBVassociated neoplasm, involving 0.9% of pulmonary cancer cases. 7 The last WHO classification of lung neoplasms defined lymphoepithelioma-like carcinoma as a large-cell carcinoma variant that shows a typical syncytial growth pattern of undifferentiated neoplastic epithelial cells, with vesicular nuclei and prominent nucleoli. 5 In the WHO text it is stressed that to correctly diagnose this kind of carcinoma, squamous or glandular differentiation is admitted only at the ultraestructural level. The mean age of lymphoepithelioma-like patients was 10 years less than the rest of pulmonary carcinoma patients, 11 they are present mainly in non-smokers and have a controversial better survival rate. 7 Most of them are located in a peripheral situation. 6 All pulmonary lymphoepithelioma-like carcinomas reported in the literature showed a significant CD8 T-lymphocyte reaction corresponding with cytotoxic T-lymphocytes in the resting state. 24 In our series we describe five lymphoepithelioma-like cases with a similar lymphoid infiltrate that displayed characteristic vesicular nuclei. The adenocarcinoma and squamous-cell carcinomas nuclear features, however, were different with a coarse and irregular chromatin pattern. Moreover, a tubuloglandular pattern or intercellular bridges with focal squamous-cell differentiation were evident. The feature that made the difference with conventional carcinomas was the prominent lymphoid infiltration, the confusing initial appearance, because tumoral cells were difficult to see at low-power magnification, and the marked lymphoid infiltration of neoplastic islands mimicking lymphoepithelial complexes.
The relationship between lymphoepitheliomalike lung carcinomas and EBV is not clear at the moment; in fact, free EBV DNA can be detected in the serum of Oriental patients with lymphoepithelioma-like lung carcinoma, and can be used for monitoring response to therapy in advanced cases. 13, 12 However, the neoplastic cells had an extremely low 7 LMP1 expression, and in situ hybridization for EBV early RNA (EBER) and clonal episomal EBV sequences have been demonstrated in tumour tissue, but only in Asian 9, 23, 12, 25, 26 and in two caucasic patients. 18, 19 We agree with these data because our five cases of pure lymphoepitheliomalike carcinomas have been negative for EBV.
To date the association of EBV with lung carcinomas, not classified as lymphoepithelioma like, is restricted to six cases of squamous-cell carcinomas in Chinese patients, 11 three squamous-cell carcinomas and two adenocarcinomas in Japanese patients, 17 and the largest series in a Chinese population with 36 EBER-positive cases. 16 Only two pulmonary-carcinoma EBV associated in Caucasian patients have been recently reported. 18, 19 Otherwise, several cases of lymphocyte rich adenocarcinomas but without EBV association have been also reported. 27, 15 We describe 12 lung carcinomas (4 squamous-cell carcinomas and 8 adenocarcinomas) in an occidental population, all of them with EBV sequences in tumoral tissue demonstrated by PCR and/or EBER. We do not exactly know the role of EBV in these kinds of carcinomas. It could be argued that EBV might only be a passive passenger. This fact could be possible if we had not demonstrated that the virus is present in neoplastic cells with EBER. In fact, there is one report where scattered EBER-positive bystander lymphocytes were found in lung carcinomas, 28 as we have also shown. Moreover, we stressed the fact that all cases were selected from 1545 pulmonary carcinomas according to specific morphological characteristics, distinguished in H&E-stained sections. In consequence, we have applied morphological criteria to select a series of adenocarcinomas and squamous-cell carcinomas that have confirmed distinctive molecular properties such as the presence of EBV sequences in neoplastic tissue. Once again, optical microscopy reflects molecular pathology findings.
The most reliable method reported in the literature for detecting latent EBV in this kind of carcinomas has been in situ hybridization for EBER. 7 EBER is a short non-polyadenilated chain of RNA that does not translate to protein consisting in two fragments known as EBER1 and EBER2. Their expression is nuclear and although its function is unknown it is strongly believed that they have an oncogenic role. 29 Our PCR-based analysis has shown to be concordant with the EBER results. The semiquantitative results also differentiate between passenger and productive viral presence as absorbance values indicate DNA-relative quantity. The low LMP1 reactivity in these kinds of carcinomas is compatible with other reports indicating an absence or low expression rate of this protein. 11 And lastly, we have also described one interesting finding: intratumoral amyloid deposition in one case. This phenomenon has been reported in 12% of nasopharyngeal carcinomas 30 and in two pulmonary lymphoepithelioma-like carcinomas. 7 Thus, we believe that the morphological and molecular features of EBV-associated lung carcinomas are not restricted to the typical lymphoepithelioma-like type. 17 It seems that EBV infection may play a role in the tumorigenesis of some lung carcinomas. Another important question to be addressed is the difference between Oriental and Caucasian patients in EBV susceptibility for this kind of neoplasia development.
In summary, we have presented five cases of otherwise typical lymphoepithelioma-like lung carcinomas with the characteristic morphological and molecular features. They must be differentiated from squamous-cell carcinoma and adenocarcinoma variants, with a prominent lymphoid infiltrate and EBV association.
